People move to another house for different reasons. It is sometimes presumed that a process of self-selection might take place on the basis of noise sensitivity, i.e., sensitive people would either leave high noise areas or not move into these areas in the first place. 
I. Introduction
Yearly, about 10% of the Dutch population i.e., (1.6 million people) moves to another dwelling (Ekamper and Van Huis, 2002) . This percentage has been more or less constant since 1946, when Statistics Netherlands started to collect yearly figures (www.cbs.nl/nl/cijfers/statline). This article will concentrate on the role of noise sensitivity as one of the reasons for people to move to a quiet area, or, in contrast, one of the reasons not to move into a noisy neighborhood in the first place. The outcome of the analysis should provide an answer to the question: does a process of self-selection due to road traffic noise on the basis of noise sensitivity exist? To date, very little research has focused on a self-selection process due to noise sensitivity and road traffic noise. Lako (1987) analyzed the relationship between road traffic noise and migration in a sample of 3000 dwelling units, divided in a high exposure area and a low exposure area. Unfortunately, he did not pay attention to the possible influence of noise sensitivity. This research aims to fill that gap by investigating the impact of noise sensitivity on residential location. Researchers discern a change in the household, in work, in education and dissatisfaction with the dwelling and/or the neighborhood as main reasons to move to another location. (e.g. Clark, 1982; Owen, 1992; Clark et al., 1996 Clark et al., , 1999 Mulder and Hooijmeijer, 1999; Gardner et al., 2001; Housing Corporation, 2004) . Literature reports relatively few environmental factors such as noise levels or concentrations of pollutants as main reason for moving (Rohrmann 1986 (Rohrmann , 1991 . Leidelmeijer and Marsman (2001) found around 5% of the people in the area of Schiphol definitely wanting to move within two years mainly for environmental reasons. They mentioned noise as the most important stressor.
Noise sensitivity is often defined as a stable, personal trait, influencing one's reaction to noise, independent of the noise level Ellermeier, 1999, Ellermeier et al., 2001) . The association between noise sensitivity and noise exposure is consistently low (Job), 1988. Research showed that noise sensitivity is a major antecedent of noise annoyance (see Taylor 1984; Stansfeld et al., 1985; Stansfeld 1992 , Job 1988 Staples 1996; van Kamp et al., 2004) . Job 1988 found noise sensitivity to explain 10.2% of the variation in noise annoyance reactions. Noise sensitivity is associated with health variables such as sleep disturbance (Ohrstrom, 1995) and psychological distress and psychiatric disorders (Stansfeld, 1992 , Stansfeld et al., 1985 , 1993 , 1996 . The influence of sensitivity for road traffic noise on residential location: Does it trigger a process of spatial selection?
process of moving. It shows the main reasons for moving and it illustrates that the process of moving is a multi-stage decision process (as already described by Rossi, 1955) . It also shows that noise sensitivity (in combination with noise level) plays a role in the different stages of that process, when moving out and when moving in. Job (1988) and Fields (1992) hypothesized that people in high noise areas could be abnormally tolerant of high noise because of a process of self-selection, i.e., sensitive people would either leave high noise areas or not move into the areas initially. However, in his meta-analysis, Fields did not find conclusive evidence to support this theory.
The outcome of our research might not only be of scientific interest. If such a process of self-selection exists, it might have consequences for the estimated levels of annoyance in the case of new infrastructure. It would mean that annoyance of the people affected, based on average population responses, is usually underestimated in the short and medium term, because in quiet areas an overrepresentation of noise-sensitive people might be expected. In the (very) long term, after all dwellings had new inhabitants, the new population would consist mainly of people relatively insensitive to noise. Thus, in the very long term, annoyance, again based on average population responses, would be overestimated.
II. Noise annoyance and noise sensitivity
Noise is an environmental problem that has adverse effects on the daily life of many people. Exposure to noise, in combination with nonacoustical factors, determines the effects of noise on the health and well being of humans. Table I shows the effects of noise, the respective threshold levels and typical situations in which those effects occur. The values in dB(A) represent the levels above which effects occur.
It has been estimated that around 20% of the European Union's population, close to 80 million people, suffer from noise levels that scientists and health experts consider to be unacceptable. At these levels most people become annoyed, sleep is disturbed and adverse health effects are to be feared. An additional 170 million people are living in socalled "gray areas," where the noise levels are high enough to cause serious annoyance during the daytime (European Commission, 1996) . Traffic, especially road traffic, is the main cause of noise.
The noise level is but one of the factors influencing people's reactions on noise. It is estimated that about a third of the individual variety of responses to noise can be explained by nonacoustical factors (Guski et al., 1978; Job, 1988; Guski, 1999; Höger 1999; Flindell and Stallen, 1999; Stallen, 1999 personal and in situational or contextual factors (Guski 1987 , Fields 1993 . Situational factors may have no apparent relationship to noise, like, e.g., the visual attractiveness of the neighborhood. Research showed that people's reactions to noise are influenced by aesthetic aspects of the neighborhood (Langdon, 1976; Kastka and Noack, 1987) . Other situational factors concern the overall context in which noise is perceived and assessed (Blauert 1990, Lévy-Leboyer and Moser, 1987) . The personal factors can be distinguished in demographic (sex, age, household size, education, occupational status, home ownership, dependency of the source) and attitudinal factors (fear, noise sensitivity). The largest difference in annoyance due to demographic factors is caused by age, equivalent to a difference of noise exposure of up to 5 dB(A), where the middle-aged group (30-50) is most annoyed at the same noise level (Fields 1992 , Miedema 1999 . The other demographic factors are less relevant and may account for differences equal to maximum 1-2 dB(A).
The main nonacoustical factors influencing the individual responses to noise are the attitudinal ones: fear of the source, sensitivity to noise and the possibility of controlling the noise (Fields, 1992) . The effect of noise sensitivity is equivalent to a difference in noise exposure of 11 dB(A) (Miedema and Vos, 1999) .
III. Methods
To answer the question whether self-selection due to noise sensitivity exists, we conducted a case study at Maarssenbroek, a suburb in the western part of the Netherlands built in the 1970s and 80s. We chose that suburb for two reasons. First, the clear gradation in noise levels from road traffic gave people the choice for settling for a quieter or noisier living environment. Second, the dwellings of Maarssenbroek are more or less of the same type (fairly uniform single-family dwellings), which means that choosing a quieter environment does not automatically imply choosing a very different type of dwelling or neighborhood. The confounding influence of differences in socio-economic status was minimized as much as possible by choosing this kind of suburb.
In Maarssenbroek, dwellings are predominantly privately owned and families are typically middle class. Very high and very low incomes are rare. Maarssenbroek has approximately 9000 households and 25,000 inhabitants (CBS, 2003) . The average income in Maarssenbroek (11.300 Euro/year) is slightly above Dutch average (11.000 euro/year). Average household size in Maarssenbroek (2.6) is slightly bigger and younger than Dutch average (2.3).
Maarssenbroek is located next to one of the major motorways (around 150,000 cars and lorries pass every day, AVV 2003). Noise screens were constructed simultaneously with the construction of the suburb itself. This excludes the disturbing effect of significant reductions in noise levels after the residential choice of some of the respondents. We chose two sample areas, one close to the highway, one at some distance. Noise loads at the dwellings close to the highway were around 65 dB(A) L den , we will call this the high exposure area. Noise loads in the other area, further away, were 50-55 dB(A) L den . We will call this the low exposure area. The noise levels were ascertained from (calculated) noise maps (Milieudienst Noord-West Nederland, 2000) as well as from our own measurements. A total of 300 households in the low (150) and in the high (150) exposure areas were randomly selected. A questionnaire was sent to the 300 households. The response rate was 67%; the most cited reasons for nonresponse were lack of time or lack of interest in the neighborhood. As compared to Maarssenbroek as a whole, single-person households were slightly underrepresented in our survey, whereas households with children were slightly overrepresented see (Table II) . The survey concentrated on noise sensitivity, noise annoyance, neighborhood (dis)satisfaction and willingness to migrate. Socio-economic and demographic variables were included as well, because they are known to be related to noise sensitivity and annoyance levels (see Sec. II).
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Noise sensitivity can be measured by different questionnaires. Most broadly used are the 1-item, the 10-item Ellermeier, 1998a, 1998b ) and the 21-item (Weinstein 1978) questionnaire. The 10-and the 21-item questionnaires have been shown to have satisfactory predictive validity in field research (e.g., Weinstein, 1978; Topf, 1985, Zimmer and Ellermeier 1999) . In this research, the 10-item version was used to measure individual noise sensitivity. We used the 1-item test only to see whether people were able to valuate their own noise sensitivity (see Discussion).
No threshold score for noise sensitivity is known from literature. Here we considered people to be sensitive to noise, if they had scored 72 points or more (of maximum 100 points) on the Noise Sensitivity Scale. We chose this value to be in line with the threshold value for noise annoyance (Miedema et al., 2001) . We analyzed other threshold values (the 10% and 50% most noise-sensitive ones vs. the 10% and 50% least sensitive ones). It did not really change the results of the next paragraph. 
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IV. Results
Around 24% of the respondents were highly annoyed by roadway noise. Table II shows that significantly (P<0.001) more highly annoyed people live in the high exposure area as compared to the low exposure area. In our research, noise exposure therefore correlates positively with noise annoyance, as is already extensively known from the literature (e.g. Miedema et al., 2001) . In both the high and the low exposure areas, around 23% of the population is sensitive to noise. There was no significant relation between noise exposure and noise sensitivity, and this remained unchanged after adjustment for potential confounders (age, gender, length of residency, size of household, education level and income). In fact, adjustment only contributes to a slight increase in variability (see Table III ).
Thirty-five percent of the noise-sensitive people were highly annoyed by roadway noise against only 20% of the noise-insensitive people. Similarly, 42% of the people in the high exposure area and 3% in the low exposure area were annoyed by noise. Table  IV shows that relatively more noisesensitive people are highly annoyed compared to the not noise-sensitive group. The effect on noise annoyance of the combination of the acoustical factor noise exposure and the nonacoustical factor noise sensitivity is extremely small. Whereas noise exposure alone explains 32% of the variety of individual responses, and noise sensitivity alone explains 3%, the combination of these two factors explains 36% of the variety of individual responses.
The survey contained several questions on (dis)satisfaction with the dwelling and the neighborhood and on the desire to move.
Analyzing the satisfaction with the dwelling and the neighborhood by noise-sensitive and not noisesensitive people by means of the Fisher's Exact Test showed significant differences between the two groups: i.e., the noise-sensitive group members were significantly less satisfied with their dwelling (P=0.003) and their living environment (P=0.009) than the noise-insensitive ones, in the high noise area as well as in the low noise area. The survey showed that there was no significant difference in desire to move between people in high noise and in low noise areas (P=0.44). At the same time there was a significant difference in desire to move between sensitive and not sensitive ones (P=0.008). Noise-sensitive people are nearly twice as likely to want to move than those who are not sensitive (40% against 21%). No interaction was found between noise sensitivity, noise exposure and desire to move (P=0.91)
V. Conclusions and discussion
Our main conclusions are first that we found no relationship between noise sensitivity and noise exposure. This remained unchanged after adjustment for potential confounders. Therefore, our research did not show any evidence of a process of self-selection based upon noise sensitivity. However, it did show, secondly, that people who are noise sensitive tend to be less satisfied with their dwelling and their neighborhood than those who are not sensitive to noise. The noise-sensitive people think more often about moving elsewhere.
Our research suggests that noise sensitivity is not a major factor in the process of moving and settling down, at least not where road traffic is the major noise source. These Van de Griendt (2004) . He found that of all environmental factors, soil pollution is the major concern among potential buyers of dwellings. No doubt, this has to do with the large financial consequences of soil pollution for home owners. Noise only played a minor role in the final decision on which home to buy. These findings are confirmed by the field studies available so far (Schümer-Kohrs and Schümer, 1974; Michelson, 1980; Rohrmann, 1991) . These studies indicate that significant weight is put on noise exposure among the principal considerations. Yet noise exposure has only moderate influence on actual moving or residential choice. Due to the cross-sectional character and the limited sample size, we could not distinguish between the role of noise sensitivity in the separate processes of moving out and moving in (see Fig. 1 ). To do so, either a longitudinal survey and/or a far bigger sample size is required.
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In our research, we distinguished areas with high and low noise levels. We did not consider other environmental factors like odor, air pollution or vibrations that are associated with proximity to the highway as well. In future research, it may be worthwhile to pay more attention to these potential confounders.
Noise-sensitive people in our research were less satisfied with their dwelling and their living environment than those who were not noise sensitive. This is in line with research of Miedema and Vos (2003) who found indications for a general negative attitude among noise-sensitive people.
Assuming that people often act more or less rationally, one might ask: why is it (as in our case) that people who are sensitive to noise deliberately move into high exposure areas? Isn't this asking for trouble? One explanation might be that people are simply not aware that they are noise sensitive. This explanation is supported by the fact that the Weinstein 10-item test, generally regarded as a good indicator of noise sensitivity, is only weakly correlated to the 1-item test, in which people directly answer the question whether they regard themselves to be noise sensitive or not. According to the distribution-free Spearman's rank correlation test, both test results show a positive, but rather weak correlation; Spearman rho is 0.629 at 0.01 level; for a strong correlation the outcome would at least have to be above 0.8. See Fig. 2 .
A second explanation, as sometimes found in literature (e.g., Zimmer and Ellermeier, 1999) , could be that noise sensitivity increases with length of residency. One could hypothesize that the noise-sensitive people in the high exposure area were not noise sensitive at the time of moving in but became so during their residency. Analysis of the data in our research did not show a correlation between noise sensitivity and length of residency though.
Another explanation might lie in the tight market for dwellings, especially in the western part of the Netherlands. Potential home buyers may have a long list of criteria on which to base their decision and the noise level may be just one of those criteria. In practice, given the tight housing market, no dwelling will meet all the criteria and the final decision is usually based on a compromise in which noise levels may be traded off for other qualities of the dwelling or the neighborhood. Research including different periods with a more and a less tight housing market may give insights into the relevance of housing market characteristics at the moment of residential choice.
Yet another explanation might be that the noise-sensitive people who settled in high exposure areas did so because the higher noise levels were compensated for by lower prices for the dwellings. The (negative) correlation between house prices and noise levels is a well-known topic of study see, for example, Nelson (1982) for one of the key studies in this area, or Navrud (2002) for a literature review. Research of Arsenio et al. (2006) in Lisbon yielded a correlation between income level and noise level. Noise sensitivity was not regarded in their research. Those with higher incomes and higher marginal values of noise tended to live in quieter apartments. This correlation was not further elaborated in this study due to a lack of relevant data. This may form a weakness in this research. On the other hand, one might argue that there is no reason at all why noise-sensitive people would be more willing to trade off high exposure for lower housing prices than the noise-insensitive people.
Another explanation could theoretically be that what is now a high exposure area was relatively quiet at the time of settling. However, from historical traffic data (AVV) it becomes clear that traffic intensities on the roadway passing by Maarssenbroek have increased by about 40% over a period of 20 years, the maximum residential period encountered in our research, equivalent to a rise in noise levels of about 1.5 dB. In other words, traffic growth did not account for a large change in noise loads. What is noisy now was noisy 20 years ago as well.
VI. Recommendations
Given the importance of noise sensitivity for the individual reactions on noise, it is recommended to pay more attention to noise sensitivity and other nonacoustical factors in future acoustical research. More questions on nonacoustical factors should be included in the national Dutch annoyance census (Franssen et al., 2004) , carried out every five years or so. Inclusion in that census would give insight into the prevalence and spatial distribution of nonacoustical factors.
Noise sensitivity influences residential satisfaction. More information to prospective house owners/renters on the ambient noise levels and on one's noise sensitivity might prevent disappointment and could help to better match demand and supply on the housing market. A system of labeling dwellings according to their noise loads as well as labeling potential buyers according to personal noise sensitivity might be considered. Forty-six wind turbines are producing electricity at the Michigan Wind Park in the Ubly area in Huron County. They have been up for four months, but not everyone is happy with the tall structures. Some residents were worried that the wind turbines would be too close to homes and cause too much noise. It appears some people now agree. "It's not the 'swoosh, swoosh' we expected," said Angie Weber, who lives nearby. You can't hear them on a windy day, but when there is a light breeze, the 440-foot wind turbines do make some sound. "They are very noisy," said Jan Sageman, who lives in the village of Ubly near some of the turbines. While she didn't mind seeing her community jump into the world of renewable energy, her opinion has changed because on certain cold nights with a light wind, she can hear them loud and clear. "You would have swore a train or a jet was coming through the house," she said. That's exactly what Weber and others were worried about when the wind turbines were proposed, that they would be placed too close to homes and they would be noisy. Weber plans on talking to township and county officials to make sure the noise falls below local zoning laws, but for now, those not happy with the noise will have to adjust. "I never thought they would be this loud, but every day when you walk out and it is noisy, it's a constant reminder that they are here forever," Sageman said. "That's kind of a sad thing."
Residents reject night flights at Robin Hood Airport
Plans to increase night flying from Robin Hood Airport (Notts) have got a big thumbs down from residents in Bawtry. Almost 60 people who attended a discussion on the Peel Airports planning application voted in favour of a resolution opposing the proposals. The motion was passed by an overwhelming majority with only one person against and a couple of abstentions. Mr Wilkinson, aged 73, of Beaufont Gardens, said afterwards: "I was pleased because it delivered to Bawtry Town Council the views of a lot of people who can't always express their thoughts. "What I am concerned about is that Bawtry Town Council might be a bit hesitant to come off the fence but now they will know how people in the town feel." The operators of the airport want to relax limitations to make greater use of the site and bring it in line with other airports that transport cargo. It wants to overturn a ban on noisier aircraft like Boeing 747s -known as QC4s -operating at night because officials are concerned the current ruling is hampering efforts to attract a freight operator to set up base at Robin Hood. Freight firm Fedex last year snubbed the airport because of the restrictions and instead chose to locate to Manchester. The operator also claims restrictions on QC4 planes using Robin Hood between 11pm and 7am are more stringent than at most other regional airports. A spokesman for Peel, owners of the airport, has said annual noise limit regulations would not be amended if the application was passed.
